Introduction {#Sec1}
============

With the outbreak of an unidentified pneumonia in Wuhan, China in December 2019, millions of people are now aware of the rage of the COVID-19 pandemic that continues to spread. Here in Japan, a state of emergency was declared on April 7, 2020 for the prevention and control of COVID-19 infections. To respond as quickly as possible to the dynamically changing crisis of the rapid spread of COVID-19 infection, it is necessary to gather all of the available information and analysis results regarding COVID-19, in order to formulate the proper research strategies and public health practices to control and prevent COVID-19 infection.

At present, because the most reliable basis for the diagnosis of COVID-19 is a positive result on a reverse transcription-polymerase chain reaction (RT-PCR) test, the surveillance of the PCR-positive patients for epidemiological features (hereinafter referred to as PCR surveillance) is ongoing. Compared to monitoring for suspected carriers, PCR surveillance has the advantage of revealing the trends of COVID-19 infection more accurately. However, PCR surveillance has the disadvantages of low sensitivity and inconsistent results \[[@CR1]\]. There is also a delay of one to several days until the results of the PCR test for COVID-19 are known. In addition, the current policy of PCR testing limited to symptomatic patients in Japan makes it difficult to track individuals who are in the incubation period and those who are asymptomatic carriers.

COVID-19 pneumonia shows characteristic features on computed tomography (CT) \[[@CR1]--[@CR10]\], and its CT findings are similar to those of viral pneumonia in general, such as influenza pneumonia. We speculated that it might be possible to detect individuals with suspected COVID-19 pneumonia by CT, even without making a definitive diagnosis. We thus launched a surveillance program based on CT examination findings. We call the program 'Computed Tomography Imaging Surveillance of Viral Pneumonia,' (hereinafter referred to as CT surveillance) as it is designed to identify suspected or confirmed COVID-19 carriers with CT findings that are similar to those of COVID-19 pneumonia. This CT surveillance program uses an online questionnaire form as one of the projects of the Japan Safe Radiology Conference to ensure the quality and safety of radiology \[[@CR11]\]. We analyzed the registration data and here reported the interesting results of the CT surveillance. We conducted the present study to reveal that CT-surveillance could demonstrate the epidemiologic features of COVID-19 infection as well as simultaneously investigate the type and frequency of characteristic imaging findings on CT by using clinical CT data.

Materials and methods {#Sec2}
=====================

Study design {#Sec3}
------------

This study was approved by the Ethics Review Committee of the Japan Radiological Society (JRS) on March 1, 2020, waiving the need for written informed consent from the patients.

Surveillance design {#Sec4}
-------------------

### Questionnaire entries {#Sec5}

We targeted patients who showed the possible CT findings of viral pneumonia, and we started the patient registration on March 5, 2020. We determined the period for targeted patients as January 1, 2020 and thereafter. The time reference was set to the date when the individual's first CT examination was performed, rather than the medical examination day or the onset of symptoms. The patient's gender and age at the time of the CT scan were registered. The PCR test for COVID-19 infection was used as the basis of the clinical diagnosis, and the test results were classified as one of the following four categories: positive, negative, or unknown for COVID-19 infection, or other disease. The characteristics of the CT findings were as follows: no findings, bilateral lung involved, a unilateral lung involved, ground-glass opacity (GGO) referring to an area of increased attenuation with preserved vessels and bronchial structures, crazy-paving pattern (grounds with reticular shadows) referring to an area of scattered or diffuse ground-glass attenuation with superimposed interlobular septal thickening and intralobular septal thickening, and consolidation (infiltrative shadow) referring to an area of the alveolar airspaces being replaced with fluid. Multiple findings were possible (Table [1](#Tab1){ref-type="table"}).Table 1Contents of the questionnaire for CT surveillanceNoItems1Date of CT examination2Patient age at the time of CT3Patient sex4PCR test for COVID-19 infection: Positive Negative Unknown Other disease5CT findings (multiple answers allowed): No findings Bilateral lung Unilateral lung Ground-glass opacity Crazy-paving pattern Consolidation6Postal code of the medical institution performing CT7Registration number of the board-certified radiologist8Name of the board-certified radiologist

As the site of infection, instead of the patient's address or the address of the patient's medical institution both of which are officially concealed from publicity, the postal code of the medical institution where the CT images were taken was registered. The registration number of the board-certified radiologist and his/her name were requested for entry as proof of the registrant.

### The support from JRS {#Sec6}

This study had generous support from JRS. The online questionnaire system was opened on the member website of JRS and Japan College of Radiology (JCR). Using their email lists, JRS and JCR sent out messages to their members requesting their patients' registration in the system, and JRS sent a notification by postal mail to each of the training-designated medical institutions of Japan to invite a single, representative radiologist of each institution to the current surveillance program. JRS managed both the transfer of the information that was obtained to Japan's Ministry of Health, Labour and Welfare (MHLW) and the online publication of the questionnaire on JRS and JCR member websites.

### Data analysis {#Sec7}

We compared the diurnal numbers of patient registrations in CT surveillance program with those of the PCR surveillance program, which were announced by MHLW as a referential standard \[[@CR12]\]. For this comparison, we used the Spearman signed rank test and a Bland--Altman analysis for the interchangeability of the two surveillance programs by plotting the differences between the two against the averages of the two. The cumulative regional distribution map obtained by CT surveillance was visually compared to that obtained by PCR surveillance. We also analyzed CT findings, age distribution, gender differences, and clinical diagnoses obtained by CT surveillance. In addition, differences in CT findings between the PCR-positive and -negative patients were evaluated to clarify the priority of CT findings for early COVID-19 pneumonia using a chai-square test. All statistical analyses were evaluated with a significance level of 0.05.

Results {#Sec8}
=======

A total of 637 individuals who underwent a CT examination during the approximately 3.5-month period from January 1 to April 17, 2020 were registered in CT surveillance program during the period of March 5 to April 18, 2020. There were 408 (64%) males and 229 (36%) females, which is approximately 1.8 times more males than females. The averaged ages of the males and females were 59.5 and 58.1 years old, respectively. The 637 subjects' results on the PCR test for COVID-19 or other diseases in the clinical diagnosis were as follows. Positive: *n* = 398 (62.5%), negative: *n* = 57 (8.9%), unknown: *n* = 167 (26.2%), and other disease: *n* = 15 (2.4%). Patients with other disease were recorded as having the influenza pneumonia (*n* = 6), the bacterial pneumonia (*n* = 5), the pneumocystis pneumonia (*n* = 3), and the acute interstitial pneumonia (*n* = 1).

In contrast, PCR surveillance conducted by Japan's MHLW during the same 3.5-month period from January 1 to April 17, 2020 accumulated a total of 9,654 patients.

The age distribution in the CT surveillance peaked at 60--69 years, and a substantially high incidence was observed at 40--89 years. The number of subjects aged 20--29 or 30--39 years old was less than one-half the number of subjects aged 60--69 years old, and the number of subjects 0--19 or 90--99 years old was less than 10% of those aged 60--69 years old (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1The age distribution in the CT surveillance peaks at 60--69 years, and a substantially high incidence was at 40--89 years. The numbers of subjects aged 20--29 and 30--39 years old were less than one-half of those 60--69 years old, and the numbers of subjects aged 0--19 and 90--99 years were less than 10% of the number of subjects aged 60--69 years old

The epidemic curve of the diurnal patient number in CT surveillance showed a distribution that was similar to that of PCR surveillance (Figs. [2](#Fig2){ref-type="fig"}a, b), with a significant correlation (Fig. [2](#Fig2){ref-type="fig"}c, *p* \< 0.001). However, there was a proportional error between the two surveillance programs' diurnal patient numbers indicated by the Bland--Altman analysis (Fig. [2](#Fig2){ref-type="fig"}d), which indicated that the number of patients registered in CT surveillance did not agree with the number of patients registered in PCR surveillance in proportion to the increase in the number of the PCR-positive patients. Meanwhile, our visual inspection revealed that both the CT and PCR surveillance programs showed the outbreak of the epidemic, that is, the increased number of patients sharply (arrows in Fig. [2](#Fig2){ref-type="fig"}a, b) after the several consecutive Japanese holidays in mid-March (caps in Fig. [2](#Fig2){ref-type="fig"}a, b).Fig. 2The epidemic curve of the diurnal patient number in the CT surveillance (**a**) shows a distribution similar to that of the PCR surveillance (**b**). Both the CT surveillance and the PCR surveillance revealed the Japanese outbreak of the epidemic, that is, the number of patients increased sharply (arrows in panels **a** and **b**) after the consecutive Japanese holidays in mid-March (caps in **c** and **d**). A significant correlation between the two surveillance programs was observed (*p* \< 0.001) (**c**). However, the Bland--Altman analysis showed a proportion error (**d**), suggesting that the number of patients registered in CT surveillance does not rise along with that in PCR surveillance in proportion to the increase in the number of the PCR-positive patients

The cumulative regional distribution map provided by CT surveillance (Fig. [3](#Fig3){ref-type="fig"}a) was similar to that provided by PCR surveillance (Fig. [3](#Fig3){ref-type="fig"}b). However, no patient was registered in some of Japan's 47 prefectures in CT surveillance.Fig. 3The cumulative regional distribution map obtained by the CT surveillance (**a**) is similar to that obtained by the PCR surveillance (**b**). However, there is a paucity of data in some prefectures in the CT surveillance (**a**)

The most common CT findings judged by radiologists were bilateral lung (male: female = 78.2--82.4%) and distributed GGOs (male: female = 80.8--83.0%). The crazy-paving pattern (male: female = 41.0--43.1%) and consolidation (male: female = 33.2--35.0%) were observed at about one-half the frequency of GGOs (Fig. [4](#Fig4){ref-type="fig"}). Significant differences between the PCR-positive and -negative patients in CT-surveillance were observed regarding bilateral lung involvement (84.2%, 70.2%, *p* \< 0.01) and consolidation (33.9--50.9%, *p* \< 0.05), whereas GGOs (83.5--83.9%) and the crazy-paving pattern (36.8--44.5%) did not show a statistically significant difference between the two groups (Fig. [5](#Fig5){ref-type="fig"}).Fig. 4The most common CT finding judged by radiologists was bilaterally distributed ground-glass opacities (GGOs). The crazy-paving pattern and consolidation were observed at approximately one-half the frequency of GGOsFig. 5Significant differences between the PCR-positive and -negative patients in CT-surveillance were observed in the bilateral lung involvement (70.2--84.2%) and the consolidation (33.9--50.9%). In the meantime, GGOs (83.5--83.9%) and the crazy-paving pattern (36.8--44.5%) were commonly observed

Discussion {#Sec9}
==========

Chest CT has attracted attention as an examination showing high sensitivity to COVID-19 infection \[[@CR1]--[@CR10]\]. However, all of the previous studies other than ours were conducted only on prescreened patients. One of the main reasons for this is that the radiation exposure provided by a CT examination increases the risk of cancer death. The indications for a CT examination should be considered very carefully \[[@CR13]\]. In the meantime, the valuable CT data about COVID-19 obtained despite posing the risk to patients should be used effectively, focusing on the welfare of not only the patients but also society at large. JRS is overseeing the Japan Safe Radiology program to ensure the quality and safety of radiology \[[@CR11]\]. CT surveillance described herein is being conducted as one of the Japan Safe Radiology projects.

The government's greatest concerns are whether large clusters of medical disruption will occur and how to rescue as many sick patients as possible \[[@CR14]\]. It is necessary to identify and monitor the numbers of patients, the expected numbers of patients whose conditions will become severe, and the medical system that can accept patients, and our CT surveillance program might be valuable. Therefore, close cooperation was established in advance with the MHLW regarding the contents of the present surveillance.

When we designed the present investigation, we followed the basic principles of surveillance; that is, the basis of surveillance is 'person, place, and time' \[[@CR15]\]. In addition, the practicability, uniformity, and rapidity of the surveillance are more important than complete accuracy \[[@CR16]\]. We asked radiologists with regular clinical duties to register patients in the CT surveillance program so that we could carefully select the number of input data needed to effectively conduct the surveillance. The location information that we used was the postal code rather than a physical address, providing the location down to the municipality level in consideration of privacy issues and to prevent harmful rumors.

We observed clear trends of patient gender and age distributions. The age distribution in the CT surveillance peaks at 60--69 years. This tendency might correspond to the degree of the rate of visits to medical institutions due to the severity of symptoms \[[@CR9]\]. Our observation of the gender ratio of about 1.8 times more males than females might reflect a tendency of males to be more susceptible to COVID-19 infection and/or a tendency for their conditions to become more severe \[[@CR17]\]. These epidemiological propensities merit further investigations of the pathogeny of COVID-19.

Our analyses revealed that the epidemic curve of the diurnal patient number obtained by CT surveillance had a distribution that was similar to that obtained by PCR surveillance. This might be because, in Japan, the testing for COVID-19 infection has been conducted only in patients with officially designated symptoms or close contact with infected persons, and thus the PCR test and CT examination were often performed as a set. Since the result of the PCR test is not known on the day the test is administered, CT surveillance might have the potential to identify the infection on the examination day, assuming that the results are ideally registered as quickly as possible by radiologists throughout the country.

However, we realized that the increase in the patient number in CT surveillance did not well reflect the increase in the patient number in PCR surveillance as uncovered by the Bland--Altman analysis. Although further assessments are required to address the present findings, this result might indicate that (1) the presentation of too great a number of patients discouraged their registration with radiologists, (2) the examining physicians had refined triage skills, and/or (3) the number of patients exceeded the capacity of the facility for prompt CT examinations.

Our analyses also revealed that the epidemic curve of the diurnal patient number obtained by the CT surveillance, as well as that obtained by the PCR surveillance, reflected the outbreak of the epidemic in Japan, that is, a remarkable increase in the number of patients occurred after the consecutive Japanese holidays in mid-March. The present results indicate that our CT surveillance program could be effective as a tool to grasp the trend of COVID-19 infection.

The cumulative regional distribution map shown by CT surveillance was visually similar to that shown by the PCR surveillance, which might indicate that the publicity about CT surveillance was successful under the generous assistance of the JRS. However, there was a paucity of data from some of the 47 prefectures in Japan. There may also have been radiologists who could not participate in the CT surveillance for various reasons. As in many countries, there are regional differences in the numbers of radiologists across Japan. In light of the factors described above, a more detailed explanation of the importance of CT surveillance and a larger-scale campaign are necessary in order to make the CT surveillance program as thorough and widespread as possible.

Bilaterally distributed GGOs were the most common CT finding reported by the radiologists in this study, and this is consistent with the previous reports on COVID-19 pneumonia \[[@CR1]--[@CR10]\]. This CT finding is commonly seen in viral pneumonia, and the radiologists who participated in the present study might be highly familiar with CT findings for COVID-19 pneumonia. Besides, consolidation as one of CT findings for COVID-19 pneumonia is reported to be frequent in severe patients \[[@CR6]\]. CT findings in CT surveillance might distinguish the group that is considered to be mild patients with no findings, GGO, or the crazy-paving pattern, from the group that is considered to be severe patients with consolidation, which may be possible to roughly determine the number of patients who get medical treatment at home or at a hotel and those who need hospitalization. However, as drawbacks, the data acquired by CT surveillance is not enough to make a judgment to more accurately divide patients into the mild and severe groups because combining the ratio of the lesion area in the total lung volume and the blood oxygen saturation might be needed \[[@CR7]\]. In addition, the PCR test result was not positive for approximately one-third of the registered patients. This might be due to a contamination risk from registering diseases other than COVID-19. However, we clarified the priority of CT findings for early COVID-19 pneumonia by using CT findings of the PCR-positive and -negative patients acquired by CT-surveillance. The PCR-positive patients tend to have the bilateral lung involvement and less frequently had the consolidation on CT compared with the PCR-negative patients.

The current CT surveillance program has several limitations. (1) CT examinations were probably performed only for patients with officially designated symptoms or those who had been in close contact with an infected person. Therefore, our results do not deny the guideline that CT should not be used as a first-line test to diagnose COVID-19 \[[@CR18]\]. Further investigations are needed to determine whether or not chest CT as a first screening test is beneficial, under a careful consideration of the risks of the radiation exposure. (2) There is no uniform and strict standard for CT findings for viral pneumonia. Contamination from other findings is thus a concern. However, the CT surveillance program described herein would be sufficient for the purpose of the collection of suspected COVID-19 carriers' data. (3) The past data of patients with viral pneumonia on CT could be also registered in the current CT surveillance system. Since the real-time registration has not been enforced, and the full shape of the infection curve will be clear only after the COVID-19 outbreak is over \[[@CR19]\].

Conclusions {#Sec10}
===========

As one of the projects of the Japan Safe Radiology program, the CT surveillance program were practiced to ensure the quality and safety of radiology. CT and PCR surveillances obtained similar diurnal numbers and regional maps. An age peak at 60--69 years and male dominance were observed in CT surveillance. The most common CT finding was bilaterally distributed ground-glass opacities. CT surveillance delineated the epidemiologic features of COVID-19 infection.
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